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Solutions
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Purpose
The purpose of thiswork is to establish the electrical similarity of the Mock Tank site to

S-112 tank site to determine if the Mock Tank requires modifications for the tests this
summer. We accomplish this objective by determining the effective electrical resistivity
of S-112 and comparing it with that of the Mock Tank. We also compare the expected
sensitivities under S-112 and Mock Tank assuming that long el ectrodes are used.

M easurements made

Resistance measurements were made on 4/8/02 in the vicinity of S-112 using nearby dry
wells as long electrodes. In addition, thermocouple trees in some of the tanks were used
as electrodes (only as receivers, not as transmitters); we expect that when a thermocouple
tree is used, the whole tank becomes an electrode.

All measurements were made with the Zonge data acquisition system owned by LLNL.
An analogue ohm meter was also used to make some 2 pole measurements. We use 4
pole measurements exclusively for the analysis reported herein. Figure 1 shows the tank
and dry well layout in plan view.

Point electrodes were also deployed along the surface, south of S-112. The purpose of
this survey was to establish the bulk resistivity of the soilsaround S-112.

M ethodology
We used the resistance measurements made around S-112 and the Mock Tank together

with numerical forward and inverse models to estimate the effective electrical resistivity
of the tank. We have used several approaches to calcul ate the estimate:

1) Comparisons between the measured data and calculated data for arange of
contrasts (tank to soil). The tank to soil contrast that produced the smallest RMS
difference should identify the most likely resistivity for the tank. A 3D finite
difference technique was used to calculate the predicted potential fields.

2) Inversion of the measured data to produce tomographic images of the tank
resistivity. These inversions were made in avariety of ways (e.g. different starting
models, different electrode configurations) to get arange of values that cluster



around a center value. The range of values within a cluster gives a coarse estimate
of the error in thisanalysis.

3) Using the values established for the resistivities of both tanks and their respective
numerical models, we calculated the current densities that should be observed
under each tank. We then compared the current densities under each tank to
estimate differences in sensitivities that may be expected due to differencesin
gpatial scale and electrical resistivities.

Discussion of Results

S112 - forward calculations for a range of tank to soil resistivity contrasts

With this method we used the 7 electrode surface array to calculate atypical soil
resistivity for the site. We then used thistypical valuein a 3D finite difference model to
calculate potentials at each long electrode in the survey around S-112. A simple
comparison of measured potentials and calculated potentials on each electrode reveals
how the model matches reality. Figure 2 and 3 show these comparisons. The model
accounts for S-112 and the three adjacent tanks, and assumes a given effective resistivity
for the tanks and a uniform resistivity for the remaining volume. We note that the
effective tank resistivity is that due to the metal shell, any coating on the shell (tar,
cement, etc.) and contact resistance at the metal interface. This effective resistivity is of
interest here because the resistance measurements made are sensitive to the presence of
all these materials.

When only the 9 dry wells are used as electrodes, the best fit to the data was for a tank
less resistive than the soil by afactor of 100 or more. The method is not sensitive to
values of the tank that are less resistive than this. The analysis sets the tank resistivity at
102 ohm m or less (see Figure 2). When the thermocouple tree was added to the receiver
electrodes, the tank values could be less than 102 to 10° ohm m (Figure 3). Thisrange of
valuesisto be expected in this type of analysis because limited data are available.

In summary, this approach indicates that S112 is at least 100 times |ess resistive than the
surrounding soil but we cannot tell if the electrical contrast is even greater than this.

S112 — Tomographic inversions — long electrodes

With this method we use data from the electrodes at S112 to invert for values of tank
resistivity assuming that we know the soil resistivity and the location and shape of the
tank (i.e., we know the top and bottom boundary location). Analysisis done for two
different starting models (soil to tank contrasts of 1:1 and 1000:1) and for data with
(Figure 5) and without (Figure 4) the thermocouple tree as one of the electrodes. The
results were very uniform, for the most part predicting a tank resistivity between 107 to
10" ohm m. Soil resistivity was constrained at 200 ohm m.



In Figure 5, where the tank is used as an electrode, note that the reconstruction tends to
yield atank outline rather than a solid body asin Figure 4, where only dry wells were
used as electrodes. Figure 5 shows areconstructed tank that is a conductive shell in-filled
with relatively resistive material. The reconstruction using only the 9 dry wells (Figure 4)
finds auniformly resistive tank because the tank walls are so conductive that no current
can flow inside the tank. Where no current flows the method has no sensitivity—i.e., the
search algorithm cannot determine what the internal resistivity is. Thisis a pathological
case. The algorithm is constrained to find the smoothest possible solution, one in which
the tank volume is uniform and equal to the value at the tank wall. When an electrodeis
placed within the tank, the inversion algorithm has more information. If the electrode is
in good contact with the tank walls (i.e., a highly conducting material connects the
electrode and walls) the algorithm will find the smoothest solution and produce a result
similar Figure 4. On the other hand, if the electrode in the tank is not in good contact
with the liquid (resistance is comparable to that between a dry well and the tank) the
algorithm will be forced to disconnect that electrode and the tank and the only way it can
do this and satisfy the smoothness constraint is to make the inside of the reconstructed
tank moreresistive (asin Figure 5).

The lesson to learn from this result is that the thermocouple tree is not in good electrical
contact with the tank contents (perhaps the tree isimbedded in dry salt-cake). This result
isimportant for any leak detection method that requires a thermocouple tree in good
electrical contact with the tank steel wallsto carry current to aleak point. Itislikely in
S-112 that the thermocouple tree is not now in good electrical contact with the tank and
that contact will change as the water content of the salt cake changes during waste
retrieval. In other words, measurements that use the thermocouple tree as an electrode
will be sensitive to resistivity changes within the tank walls (e.g. waste retrieval water
changing the moisture content of the waste) and outside of the tank (tank fluids invading
the soil around the tank).

Mock Tank — Tomographic inversions — point and long electrodes

The goal of this study isto compare the properties of S-112 and the Mock Tank. In order
to be able to do the comparison, we have processed some of the data from the Mock Tank
tests last summer in asimilar manner to the S-112 analysis presented above. Figure 6
shows reconstructions of the Mock Tank site using point electrodes, with and without the
tank as an electrode. The results are similar in the two cases and show that the tank
effective resistivity is between 10°° and 10* ohm-m.

When the long electrode data are used (see Figure 7) the tank resistivity is between 10°°
and 10'°° ohm m. Thelong electrode results are weakly dependent on the starting model
and require fixing the soil at 600 ohm m.



S-112 Results

Resistivity
estimated based on
forward
calculations(ohm-m)

Resistivity estimated based on

inverse calculation

(tomograph) (ohm-m)

Datafrom 9 dry wells

10

Datafrom S-112
thermocouple tree + 9 dry
wells

10*t010°

Datafrom 9 dry wells,
Starting contrast = 1:1

10*to10™

Datafrom 9 dry wells,
Starting contrast = 1:1000

10°to10™

Dat from S-112
thermocouple tree + 9 dry
wells,

Starting contrast = 1:1

10%to 10°

Datafrom S-112
thermocouple tree + 9 dry
wells,

Starting contrast = 1:1000

Mock Tank Results

Resistivity
estimated based on
forward
calculations(ohm-m)

10°to10™

Resistivity estimated based on

inverse calculation

(tomograph) (ohm-m)

Starting contrast = 1:1

Data from 128 point elec + 10°°t0 10"
tank

Data from 128 point elec 107

Data from 16 long elec, 10%°t010°°
Starting contrast = 1:1000

Data from 16 long elec, 10°to 10°°

Table 1 summarizes the estimates of effective electrical resistivity for the S-112 and

Mock Tanks.

Summary and Conclusions

We have used electrical resistance data collected near the S-112 and Mock Tanksto
estimate the effective electrical resistivity of each tank, and to compare sensitivities of
long electrode measurements to the sediment electrical resistivity under each tank. Due to
the assumptions we had to make and the approximations used, we consider these results
to be approximate but believe that reliable conclusions can be made about the relative
electrical properties of the tanks.



We used avariety of methods to estimate the tanks' resistivity. The results of the various
methods are summarized in Table 1. The S-112 results range from 10 ?t010° ohm-m,
and the most likely value is probably 10 * ohm-m. Similarly, the Mock Tank values
range from 10 °°t010 * ohm-m; we have picked a value near the middle of this range
(10° ohm-m) as the most representative value for the Mock Tank. These results suggest
that the S-112 and Mock Tank resistivities are about an order of magnitude different, and
that S-112 is more conductive than the Mock Tank.

We note that the estimated resistivities are much larger than those of fresh carbon steel
(10 ® ohm-m). Both tanks are steel construction and should be more or less electrically
equivalent except for important construction details such as coatings on the steel (tar
paper, rust) and soil-metal contact resistance. We believe these details dominate the
results we report.

The data indicate that S-112 appears more conductive than the Mock Tank by a factor of
about 10. Thisimpliesthat the tar coating on S-112 is no longer resistive or that the
concrete top is dominating the response. The results also imply that the contact
impedance of the Mock Tank isrelatively high, most probably due to very dry soil at
shallow depths and/or rust on the metal.

Thisfinding also implies that sensitivity results from the Mock Tank tests will not be
directly applicableto S-112. Since S-112 is more conductive and it presents alarger
volume than the Mock Tank, more current will be shunted away from the region of
interest below the tank, especially for long electrode work. Therefore, for agiven source
current, the current density below S-112 will be lower than below the Mock Tank and
thistrandates into alower sensitivity to changes in resistivity below S-112.

This principleisillustrated in Figure 8 where we compare the calculated current density
for the two sites. The calculations show that the current density is about 3 times larger at
the bottom center (the worst case) of the Mock Tank than in that location at S-112.
While thisis not a surprising result, we do believe that the Mock Tank results from this
summer will be approximately three times more sensitive to leaks as will S-112 results
during waste retrieval .

The current density differences are caused by two factors. (a) the differencesin effective
resistivity and size of each tank and (b) the difference in electrode separation and
electrode length in the two cases. Contributions from these effects are separated by
comparing current density for the two cases with the tanks present (Figure 8) and without
the tanks present (Figure 9) in the model calculations. Without the tanks, the current
density just below where the tanks would have been is about 3 times larger at the Mock
Tank sitethan at S-112. When the tanks are present the current density is more than 5
times higher at the Mock Tank site.

However, the important conclusion is to be made by considering the two factors together,
which isthat the current density below the Mock Tank is about 5 times higher than
beneath S-112. Therefore, we conclude that using long electrode data, sensitivity to a



conducting plume will be about 5 times larger at the Mock Tank site than at S-112 and
that this difference should be afactor in applying results from tests this summer to any
quantitative conclusions during waste retrieval .

We have aso determined that the thermocouple treein S-112 islikely to be in poor
electrical contact with the tank contents and tank wall. One possibility isthat the
structure isimbedded in a dry, resistive salt-cake. If we use the thermocouple tree as an
electrode, the coupling between it and the tank walls will change during the waste
retrieval operation as the salt-cake is eroded and takes up water. This means that the
measurements will be sensitive to changesin resistivity occurring within the tank as well
asin the soil around the tank. The possibility of afalse-positive prediction increases
because of this dual sensitivity.
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Figure 1. Thelocation of the dry wells and thermocouple (tc) tree used as electrodesis
shown. Only the dry wells and trees used to collect the data discussed in this report are
shown. Also shown are surface (point) electrodes used to measure the bulk resistivity of

the sediments near S-112.
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Figure 2 compares the measured and calculated data for various resistivity contrasts. In
this case 9 dry wells were used to collect the data. The dashed red line indicates where
the points would plot if there was perfect agreement between the measurements and the
calculations. Also shown are the sums of the root mean squared (RMS) differences for
the various plots. Note that the RM S sum reaches a minimum when the contrast is
1:10000.
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Figure 3 compares the measured and calculated data for various resistivity contrasts. In
this case the thermocouple treein S-112 plus 9 dry wells were used to collect the data.
The dashed red line indicates where the points would plot if there was perfect agreement
between the measurements and the calculations. Also shown are the sums of the root
mean squared (RMS) differences for the various plots. Note that the RM S sum reaches a
minimum when the contrast is 1:100 but the values for the 1:10000 case is very similar.



Reconstruction of S112 Tank Electrical Resistivity using data
from 9 dry wells

starting model tank : soil contrast = 1:1  starting model tank : soil contrast = 1:1000

log10 resistivity (ohm-m)

S 2020202000

-2.0 2.0 6.0

Reconstruction parameters:

1) initial condition - as specified above

2) location of tank is specified and its resistivity is allowed to change
3) sediment resistivity is fixed at 200 ohm-m

Figure 4 compares two tomographs showing the resistivity for S-112. In this case, 9 dry
wells were used to collect the data. Two starting models were assumed for the inversions:
for the left tomograph, the tank to soil resistivity contrast is 1:1; for the right tomograph
the contrast assumed is 1:1000. The inversions were constrained to change the electrical
resistivity only in the depth range occupied by the tank. The properties of the surrounding
sediment remained fixed at 200 ohm-m.



Reconstruction of S112 Tank Electrical Resistivity using data
from S-112 thermocouple tree and 9 dry wells

starting model tank : soil contrast approx. 1:1 starting model tank : soil contrast = 1:1000
log10 resistivity (ohm-m)
2.8 2.0 6.0

Reconstruction parameters:

1) initial condition - as specified above

2) location of tank is specified and its resistivity is allowed to change
3) sediment resistivity is fixed at 200 ohm-m

Figure 5 compares two tomographs showing the resistivity for S-112. In this case, the S
112 thermocouple tree and 9 dry wells were used to collect the data. Two starting models
were assumed for the inversions. For the left tomograph, the tank to soil resistivity
contrast is 1:1; for the right tomograph the contrast assumed is 1:1000. The inversions
were constrained to change the electrical resistivity only in the depth range occupied by
the tank. The properties of the surrounding sediment remained fixed at 200 ohm-m.



Reconstruction of Mock Tank Electrical Resistivity

tank + 128 point electrodes used 128 point electrodes used

log 10 resistivity (ohm-m)

0.5 1.5 2.5

Reconstruction parameters:

1} initial condition - homogeneous half-space with a resistivity of 1000 ohm-m
2} location of tank is specified and its resistivity is allowed to change

3) sediment resistivity is allowed to change

Figure 6 compares two tomographs showing the resistivity for The Mock Tank. For the
left tomograph, the tank was used as an electrode together with 128 point electrodes; for
the right tomograph, only data from the 128 point el ectrodes was used. The properties of
the tank and surrounding sediments were alowed to change.



Reconstruction of Mock Tank Electrical Resistivity using data
from 16 long electrodes

starting tank : soil contrast approx. 1:1 starting tank : soil contrast approx. 1:1000
log10 resistivity (ohm-m)
-2.0 2.0 6.0

Reconstruction parameters:

1) initial condition - as specified above

2) location of tank is specified and its resistivity is allowed to change
3) sediment resistivity is fixed at approximately 600 ohm-m

Figure 7 compares two tomographs showing the resistivity for The Mock Tank. In this
case, 16 long electrodes were used to collect the data. Two starting models were assumed
for the inversions. For the left tomograph, the tank to soil resistivity contrast is 1:1; for
the right tomograph the contrast assumed is 1:1000. The inversions were constrained to
change the electrical resistivity only in the depth range occupied by the tank. The
properties of the surrounding sediment remained fixed at approximately 600 ohm-m.



Current distribution under the S-112 and Mock Tanks

S-112 tank ( tank = 0.1 ohm-m, Mock tank ( tank = 1 ochm-m,
soil = 200 ohm-m) soil = 600 ohm-m)

log10 current density (amp/mz)

I T 2 -

-4 -1
.V tank outline Model parameters:
""" 1) tanks modeled as solid structures
long electrode location 2) long electrodes inject 1 amp of current

Figure 8. Calculations of current density beneath S-112 and the Mock Tank from long
electrodes diametrically opposed and producing 1 amp of current. The electrical
resistance measurements are most sensitive to regions showing the highest current
density. Based on these cal culations, we expect higher sensitivities at the Mock Tank site.



Current distribution at the 5-112 and Mock Tanks sites when
the tanks are not present

5-112 tank site (soil = 200 ohm-m} Mock tank site (sall = BOD ahm-m)

log10 current density (amp/m2)

-4 o

Model parameters:

long electrode location 1) tanks remowved from the problem
2} long electrodes inject 1 amp of current

Figure 9. Calculations of current density when the tanks are removed from the problem.
Other parameters as indicated for Figure 8. The electrical resistance measurements are
most sensitive to regions showing the highest current density. Based on these
calculations, we expect higher sensitivities at the Mock Tank site.



